Introduction {#s1}
============

Cantrell syndrome (CS) or pentalogy of Cantrell was first described in 1958. It involves multiple congenital anomalies such as a midline anterior abdominal wall defect, a distal sternal cleft, a defect in the anterior diaphragm, and a defect of the apical pericardium with pericardio-peritoneal communication, as well as intracardiac anomalies ([@B1]). The prevalence of this syndrome varies between 1:65,000 and 1:200,000 cases ([@B2]), although all patients do not present with all the aforementioned anomalies. Cantrell et al., when they first described the syndrome, attributed these anomalies to developmental failure between 14 and 18 days of embryonic life involving an inappropriate differentiation of a segment of the lateral mesoderm ([@B1]); however, the exact pathogenesis of this condition remains unclear. Nevertheless, this syndrome is considered to show a multifactorial etiology. In a few cases, ventral defects can be associated with craniofacial defects and the limb-body wall complex, a fatal condition, with a prevalence of only 0.2--3.3:10,000 live births ([@B3]). Recent studies have demonstrated a mutation in the *Porcupine* homolog gene in patients with CS and focal dermal hypoplasia, (also known as the Goltz-Gorlin syndrome) ([@B4]) and in those with the limb-body wall complex syndrome ([@B5]). *Porcupine*, an O-acyltransferase involved in the acylation of Wnt ligands, is located on the X chromosome, and its deletion in mice is known to cause focal dermal hypoplasia and developmental anomalies of the body wall ([@B6]); however, it is unclear if mutations in *Porcupine* also cause CS. A recent study has demonstrated the role of Wnt ligands in the pathogenesis of an unfused sternum and ectopia cordis (EC) ([@B7]), the 2 features that are defining components of CS.

CS was classified by Toyama into: class I--the occurrence of all 5 defects, class II--the occurrence of 4 defects with intracardiac and ventral abdominal wall abnormalities definitely present, and class III--incomplete expression of the disorder showing various combinations of defects, although sternal anomalies are definitely present ([@B8]).

EC, a typical feature of CS, is defined as a partial or complete displacement of the fetal heart outside the thoracic cavity. Studies report a prevalence of approximately 7.9:1 million live births ([@B9]). Depending upon the cardiac location, EC has been categorized into four types: cervical--the most uncommon (3% of all cases), thoracic--the most common (60%), abdominal (30%), and thoracoabdominal (7%) ([@B10]). This rare entity represents only 0.1% of all congenital heart anomalies ([@B11]).

Despite considerable advances in the management of CS, the survival rate is fairly low and it depends primarily upon the type and severity of associated anomalies.

We report a case of an incomplete CS and highlight the role/importance of prenatal diagnosis and the wide variety of anomalies associated with this syndrome.

*Informed consent was obtained from the patient\'s mother (legal guardian) for the publication of this case report*.

Case report {#s2}
===========

Presenting concerns
-------------------

A 31-year-old woman, gravida 2 para 1, presented for a prenatal ultrasonographic examination at 36 gestational weeks owing to a suspicion of a fetal thoracic wall defect. Her personal history revealed a spontaneous abortion and no consanguinity. She underwent routine ultrasonographic examinations at 13, 22, and 30 gestational weeks at a regional hospital; however, at 35 gestational weeks, ultrasonography revealed an abnormal fetal thoracic wall.

Prenatal ultrasonography revealed a fetal thoracoabdominal wall defect with partial displacement of the left ventricle and the liver associated with rotation and elongation of the heart and a high index of clinical suspicion for intracardiac malformations such as tricuspid atresia, a ventricular septal defect, and pulmonary artery hypoplasia (Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}).

![Fetal ultrasonographic image shows an extrathoracic left ventricle (RV, right ventricle; LV, left ventricle; MV, mitral valve; TV, tricuspid valve).](fped-06-00201-g0001){#F1}

![Fetal ultrasonographic image shows an extrathoracic left ventricle, a ventricular septal defect and pulmonary artery hypoplasia (L, liver; VSD, ventricular septal defect; PA, pulmonary artery).](fped-06-00201-g0002){#F2}

![Fetal ultrasonographic image shows extrathoracic left ventricle and extra-abdominal liver (L, liver; LV, left ventricle; VSD, ventricular septal defect).](fped-06-00201-g0003){#F3}

Clinical findings
-----------------

Based on the aforementioned findings, she was admitted to the Obstetrics and Gynecology Clinic in Târgu Mure at 39 gestational weeks, where she underwent a cesarean section. The male newborn weighed 3,100 g with an APGAR score of 7. Clinically, he demonstrated a superior abdominal wall defect, a partial extrathoracic displacement of the heart, and a partially herniated liver (these structures being covered by a very thin skin layer), and also a diastasis of the sagittal suture (Figure [4](#F4){ref-type="fig"}). The newborn was intubated, and we applied a saline-soaked gauze pad on the thoracoabdominal and cranial defects to maintain humidity.

![Clinical features of the newborn.](fped-06-00201-g0004){#F4}

Diagnostic assessment
---------------------

Postnatal echocardiography confirmed the prenatal diagnosis and also showed a partial extrathoracic and extra-abdominal displacement of the heart and liver, a large ventricular septal defect, great arteries originating from the left ventricle with the aorta situated anteriorly, a posterior deviation of the outlet septum causing severe subpulmonary stenosis, hypoplasia of the pulmonary artery, and a large hourglass-shaped left ventricle secondary to narrowing of the heart at the level of its extrathoracic displacement.

We also performed thoracoabdominal CT-angiography, which showed complex cardiac malformations consisting of large ventricular and atrial septal defects, an increased left ventricular volume, with apical extrathoracic aneurysmal dilatation below the xiphoid process at the level of the abdominal midline, hypoplasia of the right ventricle, and a reduced caliber of the pulmonary trunk artery. Abdominal CT revealed partial transparietal herniation of the left hepatic lobe adjacent to a left ventricular diverticulum, and an increase in the size of the right adrenal gland with hyperdense contents suggesting an adrenal hematoma. Cranial CT revealed a diastasis of the sagittal suture causing subcutaneous herniation of the venous sagittal sinus.

Therapeutic intervention
------------------------

Following admission to the Neonatal Intensive Care Unit, the newborn was administered ampicillin and amikacin, fluconazole, prostaglandin E, and phenobarbital (because he presented with multiple seizures), and also received daily dressing changes. During the first week of life, he showed multiple episodes of bradycardia and low oxygen saturation despite undergoing orotracheal intubation; therefore, surgical intervention was postponed until he was hemodynamically stable. He underwent surgical intervention at 14 days of age, consisting in the replacement of the heart inside the thorax via a systemico-pulmonary shunt procedure, with vascular prosthesis, the ligature of both persistent arterial canal and pulmonary artery trunk, and repair of the diaphragm defect. The abdominal wall defect was also sutured, but the thorax remained open. The surgical procedure was performed in extracorporeal circulation, and lasted 4 h and 15 min.

Follow-up and outcome
---------------------

Postoperatively, the newborn developed multiple episodes of tachyarrhythmia and low cardiac output suggesting an inability of the heart to adjust to the intrathoracic pressure. Unfortunately, the newborn died 5 h postoperatively secondary to progressive hemodynamic deterioration, metabolic acidosis, and hypoxia.

Discussion {#s3}
==========

CS is an extremely rare condition. Prognosis depends upon the severity of the various complex components/anomalies that define this syndrome. The etiology of both EC and CS remains unknown, and most cases occur sporadically ([@B12]). The heart originally develops in the cephalic part of the embryo and reaches its final location by the 16th−17th day of embryogenesis, whereas complete developmental fusion leading to formation of the thoracic and abdominal cavities occurs by the 9th week of embryonic life ([@B1], [@B13]). Incomplete fusion can cause a wide range of disorders, varying from isolated EC to complete ventral evisceration ([@B14]). Different theories have been proposed to explain the etiology of this condition such as the amniotic rupture theory that describes EC with amniotic bands, although isolated EC may occur secondary to other etiological contributors such as exposure to intrauterine drugs ([@B15]). In our case, the mother denied any drug intake during pregnancy. Notably, a few cases of EC are reported to be associated with chromosomal abnormalities ([@B16]). In our case, there was no history of consanguinity, and genetic testing was negative.

Prenatal imaging studies are essential not only for prenatal counseling but also for adequate postnatal therapeutic planning. CS and EC can be easily diagnosed prenatally using two-dimensional (2D) or even three-dimensional (3D) ultrasonography combined with Doppler to ensure high accuracy. In a study performed on 12 patients with CS, the authors reported that 2D ultrasonography could establish the diagnosis in 11 patients, although 3D assessment provided additional information in all patients. Furthermore, they highlighted that the additional information can improve surgical management in these cases ([@B17]). Similarly, Desselle et al. suggested that the correlation between 2D and 3D examination is useful in surgical management in such newborns ([@B2]). The earliest prenatal diagnosis of CS is reported to have been established between 9 and 11 gestational weeks ([@B18], [@B19]). Unfortunately, in our case, the thoracic wall defect was suspected only at 35 gestational weeks. Therefore, we emphasize that accurate and timely prenatal diagnosis depends upon the sonographer\'s expertise in fetal ultrasonography. Pirasteh et al. also described a patient in whom intrauterine ultrasonography performed at 19 gestational weeks did not reveal any abnormalities, and the diagnosis of CS was established only after birth ([@B20]). Nevertheless, it is important to mention that although accurate prenatal diagnosis of this rare condition is essential for effective postnatal management, the timing of the prenatal diagnosis does not affect the outcome. In addition to ultrasonography, magnetic resonance imaging (MRI) is a useful diagnostic tool for prenatal diagnosis; however, it is useful only in selected cases. CT can be used when MRI is not available. We also performed CT, which confirmed the echocardiographic findings and provided additional information regarding intracardiac defects and revealed an apical aneurysmal dilatation of the extrathoracic heart. Abdominal CT additionally revealed a hematoma of the right adrenal gland.

EC can present with both, intracardiac and other associated anomalies. Intracardiac anomalies associated with EC, in the order of decreasing prevalence are ventricular septal defect, atrial septal defect, tetralogy of Fallot, a left ventricular diverticulum, and pulmonary hypoplasia ([@B21]). Our patient also presented with ventricular and atrial septal defects, pulmonary hypoplasia, and a left ventricular diverticulum, and additionally showed tricuspid atresia---an intracardiac defect that has not been reported previously in patients with EC described in the literature. In addition to the aforementioned intracardiac defects, other anomalies have been reported to be associated with EC such as trisomy 18, cleft lip and palate, neural tube defects, hydrocephaly, genitourinary malformations, pulmonary hypoplasia, abdominal wall defects varying from diastasis to omphalocele, as well as bowel and liver evisceration ([@B22]). Our patient also showed omphalocele and an ectopic liver, which concurs with studies reported in the literature; however, he additionally showed a diastasis of the sagittal suture causing herniation of the venous sagittal sinus. Türkçapar et al. described a case of a fetus with lumbosacral lordosis, a large omphalocele, a herniated liver, and EC ([@B23]).

The prognosis of CS and EC depends upon both, the complexity of the anomalies and the location of the ectopic heart. Based on the Toyama classification ([@B8]), we diagnosed our patient with a class II CS because the newborn presented with a midline supraumbilical abdominal wall defect and intracardiac anomalies without a pericardial or diaphragmatic defect. In contrast, a recent review of cases diagnosed with CS between 1998 and 2007 observed that class I CS was the most common type, accounting for \>50% of the cases ([@B24]).

The surgical management of EC primarily involves 4 steps: soft tissue coverage of the heart, replacement of the heart into the thoracic cavity, repair of the intracardiac defects, and reconstruction of the chest wall ([@B21]). Therefore, optimal management of these patients requires coordination between a multidisciplinary team involving a neonatologist, a radiologist, a pediatric surgeon, a cardiologist, a pediatric cardiac surgeon, a plastic surgeon, and experienced nurses ([@B25]). Nevertheless, the general prognosis depends upon the promptitude of surgical intervention, which in our case was postponed owing to the patient\'s unstable status. Perhaps this fact led to the unfavorable prognosis in our patient, who underwent surgery only on the 14th day of life. Therefore, the patient died shortly after the procedure secondary to an inability of the heart to adjust to the intrathoracic conditions.

Conclusions {#s4}
===========

Accurate prenatal diagnosis is essential for effective postnatal management of CS. In our case, the intrauterine ultrasonographic findings observed during the 3rd trimester were suggestive of CS. The complex cardiac malformations concomitant with other malformations worsened our patient\'s condition and prevented prompt surgical management during the early days of life.

Table of contents summary {#s5}
=========================

Cantrell syndrome is characterized by a midline anterior abdominal wall defect, defects in the diaphragm and in the apical pericardium, which communicates with the peritoneum, as well as intracardiac defects.
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